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A Higgs-like dilaton owns couplings that differ from those of the Standard Model Higgs and of
a generic Composite Higgs. The complete bosonic basis for a Higgs-like dilaton is presented at
the first subleading order. A comparison with the Standard Model, the Standard Model Effective
Field Theory and the generic Lagrangian for the minimal SO(5)/SO(4) Composite Higgs model is
performed. Observables that can disentangle the different hypotheses are identified.
I. INTRODUCTION
The observation of a neutral, CP-even scalar parti-
cle at LHC [1, 2] represents a unique opportunity to in-
vestigate the scalar sector of the Standard Model (SM)
and to shed light on the electroweak symmetry breaking
(EWSB) mechanism. At present, there is no evidence for
deviations from the SM scalar boson (“Higgs” for short)
hypothesis – see Ref. [3] for a recent update. However,
other theories with Higgs-like candidates are still equally
viable within the present sensitivities: models with more
than one Higgs doublet, such as supersymmetry or two-
Higgs-doublet constructions; Composite Higgs (CH) the-
ories; models where the Higgs arises as a Goldstone bo-
son. Disentangling the different alternatives, considering
the various experimental facilities, is crucial.
This has been deeply pursued adopting the Effective
Field Theory approach [4], which allows to avoid the
specificity of the distinct models and, instead, provides
model-independent predictions characteristic of more
general frameworks. Models where the physical Higgs
particle belongs to a doublet representation of the elec-
troweak (EW) symmetry can be described at low-energy
by the so-called Standard Model Effective Field Theory
(SMEFT) Lagrangian [5, 6]. Otherwise, a more suitable
description is the so-called Higgs Effective Field Theory
Lagrangian (HEFT) Lagrangian [7–12].
The two effective Lagrangians provide a description of
gauge, fermion and Higgs couplings, respecting Lorentz
and SU(3)c×SU(2)L×U(1)Y gauge invariance. The key
difference between the two approaches is the relationship
between the physical Higgs field h(x) and the SM Gold-
stone bosons (GBs) −→π (x): in the SMEFT, the four fields
belong to the SU(2)L doublet Φ(x),
Φ(x) = U(x)
(
0
v+h(x)√
2
)
, (1)
with
U(x) ≡ ei−→σ ·−→π (x)/v (2)
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being the GB matrix and v the EW vacuum expecta-
tion value (VEV) fixed through the W mass. On the
contrary, in the HEFT the physical Higgs and the GB
matrix are treated as independent objects [7–20], which
leads to a much larger number of operators in the HEFT
with respect to the SMEFT, at the same order in the ex-
pansion [21–23]. Moreover, from the dimensionlessness
of the GB matrix it follows a reshuffling of the leading
operators in the HEFT with respect to the SMEFT La-
grangian. In Refs. [14–17, 24] it has been shown that
HEFT exhibits the following specific features:
- some correlations typical of the SMEFT, such as
those between triple and quartic gauge couplings,
are lost in the HEFT;
- Higgs couplings to gauge bosons are correlated to
pure gauge couplings in the SMEFT, while they are
completely free in the HEFT;
- a few couplings that are expected to be strongly
suppressed in the SMEFT, are instead predicted
with higher strength in the HEFT and potentially
lead to visible observables in the present LHC run.
The HEFT Lagrangian is a very useful tool to describe
an extended class of “Higgs” models: by fixing the La-
grangian parameters, it can encode SM and SMEFT,
Goldstone Boson Higgs models [25–31] and dilaton-like
constructions [32–38]. Therefore, HEFT can be con-
sidered the most general description of gauge, fermion
and Higgs couplings, invariant under SU(3)c×SU(2)L×
U(1)Y gauge symmetry.
The comparison between HEFT and SMEFT La-
grangians has undergone an intensive investigation [14–
17, 24]. As well, the matching between CH models and
the HEFT also received much attention: in particular, in
Refs. [39, 40], considering a CH model with a symmet-
ric coset, the potentiality of the HEFT Lagrangian has
been shown to account for Composite Higgs models as a
possible ultraviolet completion.
On the other hand, the link with dilaton construc-
tions has been less studied, even if the dilaton solution
to the Hierarchy problem is attractive and largely inves-
tigated [32–38]. Moreover, recent lattice simulations of
2strongly interacting gauge theories predict the appear-
ance of a scalar particle that could be interpreted as a
dilaton, when the conformal behaviour sets in [41–46].
Dilaton models are based on the fact that the SM La-
grangian is approximately scale invariant, once neglecting
explicit scales associated to the EWSB mechanism and
the dynamical conformal breaking due to QCD. In mod-
els where the scale invariance is broken spontaneously,
a GB naturally arises [47, 48] and can then be identi-
fied with the physical Higgs field: its mass is then pro-
tected by the GB shift symmetry and can only acquire
(relatively small) values, close to the symmetry breaking
scale.
It is the aim of the present paper to complete the com-
parison between the distinct Higgs setups: SM, SMEFT,
CH models and dilaton theories. For definiteness, the
minimal SO(5)/SO(4) CH model will be considered in
the following, even if the results hold also for other
models, such as for the original SU(5)/SO(5) model by
Georgi and Kaplan [25]. As couplings with fermions fol-
low specific assumptions on the underlying framework,
the analysis will focus on physical effects in the bosonic
sector only. Moreover, the analysis will consider only CP-
even couplings, as they suffice to illustrate the general
features of the comparison between the distinct setups.
The structure of the paper is as follows. First, the
HEFT framework is summarised in Sect. II. Then, the
most generic effective Lagrangian for a Higgs-like dila-
ton is constructed in Sect. III. In Sect. IV, the compar-
ison with SM, SMEFT and the minimal SO(5)/SO(4)
CH model is presented, including the discussion on pos-
sible discriminating signals. Concluding remarks are pro-
vided in Sect. V. App. A contains the indications of the
constructions of the HEFT and Dilaton Effective Field
Theory (DEFT) Lagrangians. In Apps. B and C, the
SMEFT Lagrangian and the Lagrangian for the minimal
SO(5)/SO(4) CH model, respectively, are briefly sum-
marised.
II. THE HEFT LAGRANGIAN
The building blocks used to construct the HEFT are
the SM fermions and gauge bosons, together with the GB
matrix U(x) and the physical Higgs particle h(x). The
GB matrix transforms as a bi-doublet under the global
SU(2)L × SU(2)R symmetry,
U(x)→ LU(x)R† , (3)
where L andR are the unitary transformations of SU(2)L
and SU(2)R, respectively. It is typically encoded into two
chiral fields
T(x) ≡ U(x)σ3U†(x) , T(x)→ LT(x)L† ,
Vµ(x) ≡ (DµU(x))U†(x) , Vµ(x)→ LVµ(x)L† ,
(4)
with
DµU(x) ≡ ∂µU(x) + igWµ(x)U(x) − ig
′
2
Bµ(x)U(x)σ3 ,
(5)
where Wµ(x) ≡ W aµ (x)σa/2. While both fields trans-
form in the adjoint of SU(2)L, the scalar field T(x)
breaks explicitly the SU(2)R symmetry and thus, when
present in an operator, allows an easy identification
of its SU(2)R non-conserving nature. The Lagrangian
is approximatively written invariant under the global
SU(2)L × SU(2)R symmetry: as in the SM, it is sponta-
neously broken down to the SU(2)C custodial symmetry
and explicitly broken by the gauging of Hypercharge and
the heterogeneity of the fermion masses; some operators
containing T are indeed associated to the Hypercharge;
others represent instead sources of custodial breaking be-
yond the SM ones.
The physical Higgs h(x) is an isosinglet of the SM
gauge symmetry and is conventionally described through
dimensionless generic functions F(h/v) [7, 49], with v ≈
246 GeV the EW scale. Distinct functions F(h) identify
scalar field manifolds with different curvatures [50–52],
which represent an observable measurable at LHC.
The F(h/v) functions are commonly written as a
polynomial expansion in h/v, F(h/v) = 1 + α(h/v) +
β(h/v)2 + . . ., where dots account for higher powers of
(h/v). In specific realisations, the scale associated to h
can be distinct from v: in Composite Higgs models, for
example, this scale is larger than v and is associated to
the scale at which the GBs arise after the spontaneous
breaking of the initial global symmetry. According to the
Naive Dimensional Analysis (NDA) [21–23], which deter-
mines the suppressions of the distinct effective operators,
the scale associated to h, usually denoted by f , satisfies
f 6= v and Λ ≤ 4πf , being Λ the scale that fixes the
validity of the theory. However, in the HEFT formal-
ism [17, 23], factors of v/f , being f this new scale, are
accounted for in the free coefficients of the effective La-
grangian, α, β, . . . , leaving v as the only sensitive scale in
the F(h/v) functions. In what follows the notation will
be simplified, suppressing the explicit dependence on v.
Finally, SM fermions are arranged in doublets of the
global SU(2)L or SU(2)R symmetries: in particular, the
right-handed fields are collected in the following spinors,
QR =
(
uR
dR
)
, LR =
(
NR
eR
)
, (6)
where NR are three right-handed neutrinos, introduced
here to complete the SU(2)R doublet
1.
Following Ref. [17] and the discussion in App. A, the
HEFT Lagrangian can be written as a sum of two terms,
LHEFT ≡ L (0)h +∆Lh , (7)
1 The discussion on neutrino masses will not be treated here. See
Ref. [18, 53] for details.
3where the first one reads:
L
(0)
h =−
1
4
BµνB
µν − 1
4
W aµνW
aµν − 1
4
GαµνGαµν+
+
1
2
∂µh∂
µh− v
2
4
Tr(VµV
µ)FC(h)− V (h)+
+ iQ¯L /DQL + iQ¯R /DQR + iL¯L /DLL + iL¯R /DLR+
− v√
2
(
Q¯LUYQ(h)QR + h.c.
)
+ (8)
− v√
2
(
L¯LUYL(h)LR + h.c.
)
+
− g
2
s
(4π)2
λs Gαµν G˜αµν ,
where G˜µν ≡ 12ǫµνρσGρσ . It contains the kinetic terms
for all the fields, the theta term of QCD, the mass terms
for the EW gauge bosons, the Yukawa interactions and
the Higgs scalar potential, whose specific form depends
on the model under consideration [54]. Notice that the
operator Tr(VµV
µ)FC(h) is multiplied by v2, while ac-
cording to NDA it should be multiplied by f2. Similarly,
the Yukawa-like interactions are multiplied by v instead
of by f . This is the well-known fine-tuning of the HEFT.
However, this should not be taken as a reason to consider
the HEFT unable to describe the EW and Higgs inter-
actions; instead, this should be interpreted as an indica-
tion that the underlying theory which projects into the
HEFT at low-energies should account for a mechanism
to predict the correct scale for the EW gauge boson and
fermion masses. An example is provided by CH models,
where the SM gauge boson masses are predicted at the
EW scale as a natural feature of these theories. Fermion
masses are described at the EW scale once considering
the so-called fermion partial compositeness mechanism.
The functions YQ,L(h) appearing in the Yukawa cou-
plings are written in a compact notation and with the
flavour indices left implicit:
YQ(h) ≡diag
(∑
n
Y
(n)
U
hn
vn
,
∑
n
Y
(n)
D
hn
vn
)
,
YL(h) ≡diag
(
0,
∑
n
Y
(n)
ℓ
hn
vn
)
.
(9)
The n = 0 terms yield fermion masses, while the higher
orders describe the interactions with n insertions of the
Higgs field h, accounting in general for non-aligned con-
tributions. The structure of these terms, however, is cus-
tomarily simplified in phenomenological analyses, assum-
ing Yukawa interactions aligned with fermion masses, i.e.
Y
(n)
U,D,ℓ = Y
(0)
U,D,ℓ [12, 14, 16, 17]. The same assumption
will be adopted here and in consequence
YQ(h) = diag
(
Y
(0)
U FU (h), Y (0)D FD(h)
)
,
YL(h) = diag
(
0, Y
(0)
ℓ Fℓ(h)
)
.
(10)
Notice that, the heterogeneity of fermion masses encoded
into YQ(h) and YL(h) breaks explicitly the custodial
symmetry.
The function FC(h) appearing in the GB kinetic term
is typically expanded as
FC(h) = 1 + 2aC h
v
+ bC
h2
v2
+ . . . (11)
It is convenient to make explicit the beyond SM part of
the coefficients aC , bC , using the notation
aC = 1 +∆aC , bC = 1 +∆bC , (12)
where ∆aC , ∆bC are assumed to be of the same order as
the coefficients accompanying the operators appearing in
the second part of the Lagrangian ∆Lh, which accounts
for new interactions and for deviations from the leading
order (LO) one.
F(h) functions could be inserted into the kinetic terms
for fermions and the physical Higgs, but their contri-
butions can be reabsorbed inside the generic functions
FC(h) and YQ,L(h), as discussed in Ref. [17]. The kinetic
terms of the gauge bosons are also free from any F(h) in
this LO Lagrangian, assuming that the transverse com-
ponents of the gauge bosons do not couple strongly to
the EWSB sector [8].
Following Refs. [14, 17] and the discussion in App. A,
all the operators necessary for reabsorbing 1-loop diver-
gences arising from the renormalisation of L
(0)
h are con-
tained in the second part of the Lagrangian in Eq. (7).
Adopting the notation used in Refs. [39, 40] and the NDA
normalisation [21–23], ∆Lh can be written as the sum
of several terms: focussing only on the CP-even bosonic
ones, one can write
∆Lh =cTPTFT (h) + cBPBFB(h)+
+ cWPWFW (h) + cGPGFG(h)+
+ cHPHFH(h) + cHPHFH(h)+
+ c∆HP∆HF∆H(h) + cDHPDHFDH(h)+
+ cWWWPWWWFWWW (h)+ (13)
+ cGGGPGGGFGGG(h) + cDBPDBFDB(h)+
+ cDWPDWFDW (h) + cDGPDGFDG(h)+
+
26∑
i=1
ciPiFi(h) ,
where the parameters ci are free coefficients smaller than
1, according to the Naive Dimensional Analysis formula-
tion [21–23]. The term PT is a custodial-breaking two-
derivative operator,
PT = v
2
4
Tr(TVµ)Tr(TV
µ) , (14)
that traditionally is inserted at the LO, but whose coeffi-
cient is so strongly constrained (. 10−2) from the bounds
on the EW precision parameter T that it is customarily
4listed in ∆Lh. The three operators PB, PW and PG,
PB = −1
4
BµνB
µν
PW = −1
4
W aµνW
aµν
PG = −1
4
Gαµν Gαµν ,
(15)
contain the field strengths for the SM gauge bosons and,
once multiplied by the corresponding F(h), describe the
interactions between h and the transverse componentes
of the gauge bosons.
The four operators PH , PH , P∆H and PDH ,
PH = 1
2
(∂µh)(∂
µh)
PH =
1
Λ2
(h)2
P∆H = 4π
Λ3
(∂µh)(∂
µh)(h)
PDH = (4π)
2
Λ4
((∂µh)(∂
µh))2 ,
(16)
describe pure Higgs couplings with two and four deriva-
tives.
The five pure-gauge operators PWWW , PGGG, PDB,
PDW and PDG,
PWWW = 4πεabc
Λ2
W aνµ W
bρ
ν W
cµ
ρ ,
PGGG = 4πfαβγ
Λ2
Gανµ Gβρν Gγµρ
PDB = 1
Λ2
(∂µBµν) (∂ρB
ρν)
PDW = 1
Λ2
(DµWµν)a (DρW ρν)a
PDG = 1
Λ2
(DµGµν)α (DρGρν)α ,
(17)
with εabc and fαβγ the structure constants of SU(2)L and
SU(3)c respectively, are typically listed at higher orders
in the chiral perturbation theory, but in the HEFT they
should be inserted in ∆Lh: indeed, they have the same
suppressions of PH in Eq. (16) (and of four-fermion
operators, if fermion couplings would be considered – see
Ref. [17]). This is consistent with the fact that the HEFT
merges together the traditional expansion in canonical
dimensions and the expansion in derivatives of the chiral
perturbation theory (see Ref. [23] for details).
The rest of the terms are four-derivative operators de-
fined as
P1 = BµνTr (TWµν)
P2 = i
4π
BµνTr (T [V
µ,Vν ])
P3 = i
4π
Tr (Wµν [V
µ,Vν ])
P4 = i
Λ
BµνTr(TV
µ) ∂νh
P5 = i
Λ
Tr(WµνV
µ) ∂νh
P6 = 1
(4π)2
(Tr (VµV
µ))2
P7 = 1
4πΛ
Tr (VµV
µ) ∂ν∂
νh
P8 = 1
Λ2
Tr (VµVν) ∂
µh ∂νh
P9 = 1
(4π)2
Tr
(
(DµVµ)2
)
P10 = 1
4πΛ
Tr(Vν DµVµ) ∂νh
P11 = 1
(4π)2
(Tr (VµVν))
2
P12 = (Tr (TWµν))2
P13 = i
4π
Tr (TWµν) Tr (T [V
µ,Vν ])
P14 = εµνρλ
4π
Tr (TVµ)Tr
(
V
ν
W
ρλ
)
P15 = 1
(4π)2
Tr(TDµVµ)Tr(TDνVν)
P16 = 1
(4π)2
Tr([T ,Vν ]DµVµ)Tr(TVν)
P17 = i
Λ
Tr(TWµν )Tr(TV
µ) ∂νh
P18 = 1
4πΛ
Tr(T [Vµ,Vν ])Tr(TV
µ) ∂νh
P19 = 1
4πΛ
Tr(TDµVµ)Tr(TVν) ∂νh
P20 = 1
Λ2
Tr (VµV
µ) ∂νh ∂
νh
P21 = 1
Λ2
(Tr (TVµ))
2
∂νh ∂
νh
P22 = 1
Λ2
Tr (TVµ)Tr (TVν) ∂
µh ∂νh
P23 = 1
(4π)2
Tr (VµV
µ) (Tr (TVν))
2
P24 = 1
(4π)2
Tr (VµVν)Tr (TV
µ)Tr (TVν)
P25 = 1
4πΛ
(Tr (TVµ))
2
∂ν∂
νh
P26 = 1
(4π)2
(Tr (TVµ)Tr (TVν))
2
,
(18)
5where the normalisation follows the NDA of Refs. [23].
The operators of this list containing the scalar chiral
field T, not in association with the gauge field strength
Bµν , represent sources of custodial symmetry breaking
beyond those of the SM: they are P12 − P19, and
P21 − P26. If one considers the custodial symmetry
as a fundamental symmetry of the UV theory that
gives rise to the HEFT Lagrangian at low-energy, this
set of operators plus PT should be further suppressed.
However, without assuming any specific underlying
model, this is not justified, as shown for example in
Ref. [39, 40]. Here and in the following sections, the
discussion will be kept general, without introducing any
arbitrary suppression on these operators.
Once specifying an underlying scenario, it is then pos-
sible to write the Wilson coefficients ci and the func-
tions Fi(h) of the HEFT in terms of the parameters of
the high-energy Lagrangian. In Refs. [39, 40], a generic
Composite Higgs model has been considered and the cor-
responding Lagrangian at high-energy has been projected
at low energy on the HEFT. The results can be read in
Tables 1 and 2 of Ref. [39] and Table 1 of Ref. [40]. This
exercise has pointed out that, in traditional Compos-
ite Higgs models, gauge-Higgs couplings are correlated
to pure gauge ones, similarly to what happens in the
SMEFT, although with a few differences: this follows
from the fact that the Higgs field belongs to a represen-
tation that contains the SU(2)L-doublet one [55]. The
SMEFT is then a good low-energy description of Com-
posite Higgs models at the very first order, but deviations
arise at higher orders. As a result, one could disentan-
gle an elementary from a composite Higgs comparing the
same gauge interactions but with different Higgs legs.
The dilaton, that will be the subject of the next sec-
tion, is a singlet under SU(2)L and therefore distinct
phenomenological features are expected: indeed, the EW
doublet or singlet representation of the Higgs field is
encoded into correlations/decorrelations between pure-
gauge and gauge-Higgs couplings.
III. THE HIGGS-LIKE DILATON
The dilaton arises as a GB of the spontaneous break-
ing of the scale invariance. This mechanism is typical of
models where the EWSB and the scale symmetry break-
ing do not coincide, such as when the EWSB is strongly
coupled: the scale symmetry breaking scale f is typically
larger than the EW VEV v and the states arising from
the scale symmetry breaking do not need to coincide with
those responsible for the EWSB mechanism. Explicit re-
alisations are theories of walking technicolor [56–58], and
of Randall-Sundrum extra-dimension constructions [59–
62]. Beside its GB nature, the dilaton can remain rela-
tively light, although an explicit realisation is not easy
to achieve [63–66].
Considering a generic Lagrangian written as the sum of
distinct operators Oi(x) with canonical dimension [Oi] ≡
di and with coefficient gi(µ), where µ is the reference
scale,
L =
∑
i
gi(µ)Oi(x) , (19)
an infinitesimal scale transformation xµ → eλxµ gives
Oi(x)→ eλdiOi(eλx),
µ→ e−λµ,
(20)
that leads to the variation of the Lagrangian
δL =
∑
i
gi(µ)(di + x
µ∂µ)Oi(x) +
∑
i
βi(g)Oi(x), (21)
where
βi(g) = −µ∂gi(µ)
∂µ
, (22)
are the beta functions of the couplings gi. The La-
grangian is scale invariant when δL = 0, which corre-
sponds to βi(g) = 0, i.e. the couplings do not depend on
the scale considered, and to the canonical dimensions of
the operators satisfying to di = 4 (by using integration
by parts, (di+x
µ∂µ)Oi(x)→ (di−4)Oi(x)). See Ref. [67]
for a pedagogical introduction on the dilaton.
In the SM, fermion (d = 3) and scalar (d = 2) mass
terms explicitly violate the scale symmetry. However, as
adopted in the context of the so-called Minimal Flavour
Violation [68–82], or more in general in flavour mod-
els [83–98], a strategy to reestablish scale invariance con-
sists in enlarging the spectrum by the addition of a scalar
field, χ(x), that transforms under the scale symmetry:
insertion of powers of this scalar field in the Lagrangian
operators then allows to recover exactly scale invariance.
Once it develops a VEV, fermion and scalar masses are
correctly described and the scale symmetry is sponta-
neously broken with the arising of the corresponding GB,
the dilaton.
Defining the scale transformation law for the additional
scalar field χ(x) – sometimes also called conformal com-
pensator – as
χ(x)→ eλχ(eλx) , (23)
scale symmetry invariance is recovered performing the
following replacement for the couplings gi in Eq. (19):
gi(µ)→ gi
(
µ
χ
f
)(
χ
f
)4−di
. (24)
The scale f in the previous equation is identified with the
VEV of χ(x), f = 〈χ〉, and represents the scale of the
symmetry breaking. Following the traditional notation
for Goldstone bosons, the conformal compensator χ(x)
can be parametrised as
χ(x) = feσ(x)/f , (25)
6making explicit the GB σ, whose scale transformation is
non-linear, σ(x)/f → σ(eλx)/f + λ.
To simplify the notation, the explicit dependence of
χ(x) and σ(x) on x will be suppressed in what follows.
A. The DEFT Lagrangian
The Dilaton Effective Field Theory (DEFT) La-
grangian is constructed in a very similar way to the
HEFT one, by exchanging the Higgs field h with the
conformal compensator χ, or the dilaton field σ, and
by requiring scale symmetry invariance at the classical
level2 by implementing Eq. (24). Following Sect. II and
the description in App. A, the DEFT Lagrangian can be
written as the sum of two terms,
LDEFT ≡ L (0)χ +∆Lχ , (26)
where the first term is very similar to L
(0)
h of Eq. (8):
L
(0)
χ =−
1
4
BµνB
µν − 1
4
W aµνW
aµν − 1
4
GαµνGαµν+
+
1
2
∂µχ∂
µχ− v
2
4
(
χ
f
)2
Tr(VµV
µ)− V (χ)+
+ iQ¯L /DQL + iQ¯R /DQR + iL¯L /DLL + iL¯R /DLR+
− v√
2
χ
f
(
Q¯LUYQQR + h.c.
)
+ (27)
− v√
2
χ
f
(
L¯LUYLLR + h.c.
)
+
− g
2
s
(4π)2
λs Gαµν G˜αµν .
where
YQ ≡ diag
(
Y
(0)
U , Y
(0)
D
)
, YL ≡ diag
(
0, Y
(0)
ℓ
)
. (28)
This Lagrangian contains the kinetic and mass terms for
all the fields of the spectrum and leading interactions
among SM gauge bosons and fermions and the dilaton.
As for the HEFT, no interaction is present at this or-
der between the transverse components of the EW gauge
bosons and the dilaton: here, however, in contrast to the
HEFT, it does not follow any assumption, but it is simply
due to the fact that the kinetic terms are already scale
symmetry invariant and in consequence do not allow any
additional insertion of (χ/f). The same holds for the
kinetic terms for fermions and for the dilaton. On the
contrary, EW gauge boson mass and Yukawa terms re-
quire the presence of χ in order to guarantee the scale
symmetry invariance.
2 Quantum effects would contribute to some of the DEFT opera-
tors, modifying the overall Lagrangian coefficients. The explicit
computation of the quantum contributions will not be discussed
here as they are beyond the scope of constructing the DEFT
Lagrangian.
Notice that, as for HEFT, a fine-tuning is present in or-
der to correctly describe the scale of the SM gauge boson
and fermion masses. This should not, however, be taken
as a reason to not consider DEFT as a valid approach
to describe EW and Higgs interactions: this is just an
indication that the theory beyond this effective field the-
ory should account for a mechanism which predicts the
correct scales.
Finally, V (χ) contains non-derivative self-couplings of
the conformal compensator χ: V (χ) may contain scale
symmetry breaking factors, including the dilaton mass,
whose magnitude depends on the underlying theory con-
sidered. To avoid entering into details of specific realisa-
tion, the explicit form of V (χ) will not be discussed here
and it will only be assumed that V (χ) is minimised by
〈χ〉 = f .
Rewriting L
(0)
χ in terms of the dilaton field σ through
Eq. (25), it follows that the dilaton kinetic term is not
canonically normalised:
1
2
∂µχ∂
µχ =
1
2
∂µσ∂
µσ e2σ/f
=
1
2
∂µσ∂
µσ
(
1 +
2σ
f
+
2σ2
f2
+ . . .
)
,
(29)
where in the last equality the Taylor series expansion
of the exponential has been explicitly written and dots
stand for higher powers in σ/f . Performing the following
redefinition on the dilaton field,
σ = f ln
(
χ¯
f
+ 1
)
, (30)
canonical normalised kinetic terms are recovered, where
χ¯ are the fluctuations of χ around its VEV. The resulting
leading Lagrangian after this redefinition looks exactly as
in Eq. (27), except for a few terms, where χ insertions
are substituted by insertions of χ¯+ f :
∂µχ∂
µχ→∂µχ¯ ∂µχ¯ , (31a)(
χ
f
)2
Tr(VµV
µ)→
(
1 +
χ¯
f
)2
Tr(VµV
µ) , (31b)
χ
f
Q¯LUYQQR →
(
1 +
χ¯
f
)
Q¯LUYQQR , (31c)
χ
f
L¯LUYLLR →
(
1 +
χ¯
f
)
L¯LUYLLR . (31d)
It is interesting to note that Eq. (31b), once assuming
f = v, coincides with the SM result, that is Eq. (11)
for aC = 1 = bC and the rest of coefficients vanishing.
This well-known result (see for example Ref. [33])
points out that only a partial unitarisation of the SM
amplitudes occurs in the DEFT as long as f > v. The
full unitarisation should then be accomplished by new
degrees of freedom, that are expected to arise at the
scale Λ, for example assuming an underlying strong
dynamics.
7The second term of the DEFT Lagrangian in Eq. (26)
contains couplings of the dilaton that go beyond the SM-
like ones of Eqs. (27) and (31), and therefore could pro-
vide discriminating signals for shedding light on the Higgs
nature. ∆Lχ contains all the contributions that are gen-
erated from the 1-loop renormalisation. Restricting only
on the CP-even bosonic couplings, ∆Lχ can be written
as the sum of distinct operators:
∆Lχ =dTPTFT (χ) + dBPBFB(χ)+
+ dWPWFW (χ) + dGPGFG(χ)+
+ dHPHFH(χ) + d∆HP∆HF∆H(χ)
+ dDHPDHFDH(χ)+
+ dWWWPWWWFWWW (χ)+ (32)
+ dGGGPGGGFGGG(χ) + dDBPDBFDB(h)+
+ dDWPDWFDW (h) + dDGPDGFDG(h)+
+
26∑
i=1
diPiFi(χ) ,
where the parameters di are free coefficients smaller than
1 – in particular products of two or more operator coeffi-
cients di will be neglected in the phenomenological anal-
ysis of the next sections. Moreover, the operators Pi
are similar to the list of operators Pi in Eqs.(13)–(18)
for the HEFT, but with the proper modifications for the
dilaton case discussed in this section. On the other side,
the functions Fi(χ), differently from the functions F(h)
of the HEFT, are not arbitrary functions of the dilaton
field, but depend on the specific operator considered.
In the first line of Eq. (32),
PTFT (χ) =
v2
4
Tr(TVµ)Tr(TV
µ)
χ2
f2
→ v
2
4
Tr(TVµ)Tr(TV
µ)
(
1 +
χ¯
f
)2
,
(33)
where the operator in the first (second) line is written
before (after) moving to the basis of canonical kinetic
term for the dilaton, Eq. (30). Moreover, the terms in
the brackets correspond to the function FT (χ). The χ¯-
independent term provides a tree-level contribution to
the EW precision parameter T , exactly as for the oper-
ator PT in Eq. (14), and therefore the coefficient dT is
constrained to be at most at the percent level, such as cT .
This could indicate that the conformal sector is custodial
preserving: if this is the case, all the custodial breaking
operators are expected to be suppressed.
The four operatorsPB , PW , PG and P1 describe the
interaction of the dilaton with the transverse components
of the gauge bosons:
PBFB(χ) = −1
4
BµνB
µν χ¯
f
PWFW (χ) = −1
4
W aµνW
aµν χ¯
f
PGFG(χ) = −1
4
Gαµν Gαµν
χ¯
f
P1F1(χ) = BµνTr (TW
µν)
χ¯
f
,
(34)
where the last factor χ¯/f in each operator represents the
functions Fi(χ). From the point of view of the scale in-
variance, insertion of χ¯/f would not be necessary and
therefore could be ignored in the most conservative ap-
proach. However, 1-loop contributions to these couplings
may arise: for example, if the conformal sector is charged
under the SM gauge group, the scale symmetry is anoma-
lous and the SM running does induce these couplings at
1-loop level. Although no specific assumption on the un-
derlying dynamics is taken here, the choice in Eq. (34) is
of considering generic couplings that may encode these
loop contributions. Explicit computations of the dilaton
interactions to massless gauge bosons have been com-
puted for example in Ref. [33]. The same reasoning can
be easily extended to couplings to massive gauge bosons,
WWχ¯ and ZZχ¯, and to the Zγχ¯.
The three operators Pχ, P∆χ and PDχ have a sim-
ilar structure to the one of the HEFT operators PH ,
P∆H and PDH defined in Eq. (16):
PχFχ(χ) =
1
(4π)2χ2
(χ)
2
→ 1
Λ2
(χ¯)
2
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
P∆χF∆χ(χ) =
1
(4π)2χ3
(∂µχ∂
µχ)χ (35)
→4π
Λ3
(∂µχ¯∂
µχ¯) (χ¯)
(
1− 3χ¯
f
+
6χ¯2
f2
+ . . .
)
PDχFDχ(χ) =
1
(4π)2χ4
(∂µχ∂
µχ)
2
→ (4π)
2
Λ4
(∂µχ¯ ∂
µχ¯)2
(
1− 4χ¯
f
+
10χ¯2
f2
+ . . .
)
,
where Λ = 4πf has been used and the last factors inside
the brackets represent the functions Fi(χ).
A first difference between Eqs. (16) and (35) is the ab-
sence of an equivalent operator to PH : being ∂µχ∂µχ
already of d = 4, no additional χn insertion is necessary
for scale invariance; moreover, differently from what dis-
cussed for the operators in Eq. (34), no physical3 1-loop
correction affects this operator. This, however, does not
3 Any non-derivative polynomial of χ could be redefined away by a
redefinition of the field χ. This would translate in a modification,
8lead to any physical difference between the HEFT and
the DEFT, as the combination PHFH(h) can be safely
reabsorbed through an h redefinition [99].
A second important difference appears in the functions
Fi(h) and Fi(χ): the first ones are completely generic
polynomials of h/v in the HEFT; for the dilaton case,
only specific numerical coefficients multiply the distinct
factors χ¯/f . When the experimental sensitivity on the
involved observables will be high enough, the identifica-
tion of these numerical coefficients could tell a Higgs-like
dilaton from other possibilities, as indeed they are differ-
ent in the SMEFT case, where Fi(h) can only be powers
of (1 + h/v)2, or in CH models where Fi(h) are trigono-
metric functions of h/f : this will be further discussed in
the next sections.
The normalisation of the operators in Eq. (35) has been
fixed so as to match the one of the operators in Eq. (16):
although this is not necessary from the EFT point of
view, with this choice one recovers the Naive Dimensional
Analysis normalisation, which tells that the theory enters
into a strong interacting regime when di = 1. Indeed,
a theory enters into a strong interacting regime when
loop corrections to the Wilson coefficient of a generic
operator turn out to be (at least) as important as the
initial value of the Wilson coefficient itself. The Naive
Dimensional Analysis normalisation used in Eq. (13) for
HEFT identifies this phase transition with the condition
of having operator coefficient equal or larger than 1. A
shortcut to ensure this condition for the dilaton case is
to profit of the similarities between the DEFT and the
HEFT Lagrangians, when identifying the scale Λ as the
same scale in both frameworks. The numerical factors in
the operators in Eq. (35) – and in the equations which
follow – has been fixed in this way.
The five operators PWWW , PGGG, PDB, PDW and
PDG in the last lines of Eq. (32) are defined as
PWWWFWWW (χ) =
εabc
4πχ2
W aνµ W
bρ
ν W
cµ
ρ
→4πεabc
Λ2
W aνµ W
bρ
ν W
cµ
ρ
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
PGGGFGGG(χ) =
fαβγ
4πχ2
Gανµ Gβρν Gγµρ
→4πfαβγ
Λ2
Gανµ Gβρν Gγµρ
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
PDBFDB(χ) =
1
(4π)2χ2
(∂µBµν) (∂ρB
ρν)
→ 1
Λ2
(∂µBµν)
α (∂ρB
ρν)α
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
PDWFDW (χ) =
1
(4π)2χ2
(DµWµν)a (DρW ρν)a
→ 1
Λ2
(DµWµν )a (DρW ρν)a
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
PDGFDG(χ) =
1
(4π)2χ2
(DµGµν)α (DρGρν)α
→ 1
Λ2
(DµGµν)α (DρGρν)α
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
,
(36)
where the last factors inside the brackets represent the
functions Fi(χ).
The remaining terms entering the Lagrangian ∆Lχ are
four-derivative operators and are defined in the following
Eq. (37).
Part of the operators required the insertion of the
conformal regulator in order to recover scale invariance:
these terms have been written both in terms of χ, to
make explicit the scale invariance although the dilaton
kinetic terms are not canonical yet, and in terms of χ¯,
that is in the canonical kinetic term basis. The rest of
operators are naturally of canonical dimension d = 4 and
thus scale invariant by themselves. An explicit χ depen-
dence has not been added to these operators, differently
from what done for those in Eq. (34). The reason resides
in the fact that the operators in Eq. (37) are generated
already at the first subleading order: as any χ insertion
would be the consequence of an additional loop effect,
this would be equivalent to a global two-loop contribu-
tion that should not be considered at this level of the
expansion.
As for the HEFT operators listed in Eq. (18), those
containing the scalar chiral field T, not in association to
the gauge field strength Bµν , represent sources of custo-
dial symmetry breaking beyond those of the SM: specifi-
cally, they are P12−P19 and P21−P26. If the confor-
mal dynamics behind the DEFT Lagrangian is custodial
preserving, then all these operators, together with PT ,
are expected to be further suppressed.
Finally, the list of operators entering ∆Lχ reads as
follows:
proportional to the corresponding operator coefficient, of all the
other χ couplings in the Lagrangian. As the product of two or
more operator coefficients are neglected, this redefinition would
not have any impact. See App. B in Ref. [17] for further details.
9P2F2(χ) =
i
4π
BµνTr (T [V
µ,Vν ])
P3F3(χ) =
i
4π
Tr (Wµν [V
µ,Vν ])
P4F4(χ) =
i
4πχ
BµνTr(TV
µ) ∂νχ
→ i
Λ
BµνTr(TV
µ) ∂νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P5F5(χ) =
i
4πχ
Tr(WµνV
µ) ∂νχ
→ i
Λ
Tr(WµνV
µ) ∂νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P6F6(χ) =
1
(4π)2
(Tr (VµV
µ))
2
P7F7(χ) =
1
(4π)2χ
Tr (VµV
µ) ∂ν∂
νχ
→ 1
4πΛ
Tr (VµV
µ) ∂ν∂
νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P8F8(χ) =
1
(4π)2χ2
Tr (VµVν) ∂
µχ∂νχ
→ 1
Λ2
Tr (VµVν) ∂
µχ¯ ∂νχ¯
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
P9F9(χ) =
1
(4π)2
Tr
(
(DµVµ)2
)
P10F10(χ) =
1
(4π)2χ
Tr(Vν DµVµ) ∂νχ
→ 1
4πΛ
Tr(Vν DµVµ) ∂νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P11F11(χ) =
1
(4π)2
(Tr (VµVν))
2
P12F12(χ) = (Tr (TWµν))
2
P13F13(χ) =
i
4π
Tr (TWµν)Tr (T [V
µ,Vν ])
P14F14(χ) =
εµνρλ
4π
Tr (TVµ)Tr
(
V
ν
W
ρλ
)
P15F15(χ) =
1
(4π)2
Tr(TDµVµ)Tr(TDνVν)
P16F16(χ) =
1
(4π)2
Tr([T ,Vν ]DµVµ)Tr(TVν )
P17F17(χ) =
i
4πχ
Tr(TWµν)Tr(TV
µ) ∂νχ
→ i
Λ
Tr(TWµν)Tr(TV
µ) ∂νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P18F18(χ) =
1
(4π)2χ
Tr(T [Vµ,Vν ])Tr(TV
µ) ∂νχ
→ 1
4πΛ
Tr(T [Vµ,Vν ])Tr(TV
µ) ∂νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P19F19(χ) =
1
(4π)2χ
Tr(TDµVµ)Tr(TVν) ∂νχ
→ 1
4πΛ
Tr(TDµVµ)Tr(TVν) ∂νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P20F20(χ) =
1
(4π)2χ2
Tr (VµV
µ) ∂νχ∂
νχ
→ 1
Λ2
Tr (VµV
µ) ∂νχ¯ ∂
νχ¯
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
P21F21(χ) =
1
(4π)2χ2
(Tr (TVµ))
2
∂νχ∂
νχ
→ 1
Λ2
(Tr (TVµ))
2
∂νχ¯ ∂
νχ¯
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
P22F22(χ) =
1
(4π)2χ2
Tr (TVµ)Tr (TVν) ∂
µχ∂νχ
→ 1
Λ2
Tr (TVµ)Tr (TVν) ∂
µχ¯ ∂νχ¯
(
1− 2χ¯
f
+
3χ¯2
f2
+ . . .
)
P23F23(χ) =
1
(4π)2
Tr (VµV
µ) (Tr (TVν))
2
P24F24(χ) =
1
(4π)2
Tr (VµVν)Tr (TV
µ)Tr (TVν)
P25F25(χ) =
1
(4π)2χ
(Tr (TVµ))
2
∂ν∂
νχ
→ 1
4πΛ
(Tr (TVµ))
2
∂ν∂
νχ¯
(
1− χ¯
f
+
χ¯2
f2
+ . . .
)
P26F26(χ) =
1
(4π)2
(Tr (TVµ)Tr (TVν))
2
,
(37)
where the functions Fi(χ) correspond to the the last
factors inside the brackets, when present, otherwise are
equal to 1.4
Eq. (37) completes the DEFT operator basis describ-
ing CP-even bosonic couplings of the SM EW sector and
the Higgs-like dilaton. Any other non-fermionic CP-even
operator that can be constructed can be written in terms
4 Adding an explicit Fi(χ) function to those operators that do not
have it would be equivalent to a two-loop effect, which should not
be considered at the expansion order of the DEFT Lagrangian
presented here.
of the operators of this basis, by using partial integration,
Bianchi identity and SU(2)L-algebra.
IV. DISENTANGLING A HIGGS-LIKE
DILATON
A Higgs-like dilaton is typically considered to have
the same couplings as the SM Higgs, except for the non-
derivative self-couplings entering the scalar potential.
The previous section illustrates that this is the case for
a restricted group of operators, while there are several
other couplings which differ from the SM context. This
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section is dedicated to discussing these differences con-
sidering the SMEFT Lagrangian, whose specific limit is
the SM, and the minimal SO(5)/SO(4) CH model [28],
making use of the HEFT Lagrangian defined in Sect. II
as a common background. The explicit operators basis
for the SMEFT Lagrangian can be found in App. B,
while the one for the minimal SO(5)/SO(4) CH model
is in App. C.
The first coupling that can be considered for this com-
parison is the one responsible for the W± and Z masses.
In the SMEFT up to d = 6 expansion order, there are
four relevant operators:
DµΦ
†
D
µΦ+
cΦ,1
Λ2
OΦ,1 + cΦ,2
Λ2
OΦ,2 + cΦ,4
Λ2
OΦ,4 , (38)
where the explicit definition of the operators OΦ,i can
be found in Eq. (B3). As described in App. B, OΦ,1
and OΦ,2 contribute to the EW gauge boson masses only
indirectly, through the transformation to move to the
basis of canonical Higgs kinetic terms. In the latter basis,
projecting into the HEFT basis, FC(h) is given by
FSMEFTC (h) =
[(
1 +
(4π)2
2
v2
Λ2
cΦ4
)
+ (39)
+ 2
h
v
(
1− (4π)
2
4
v2
Λ2
(cΦ1 + 2cΦ2 − 3cΦ4)
)
+
+
h2
v2
(
1− (4π)2 v
2
Λ2
(cΦ1 + 2cΦ2 − 2cΦ4)
)
+
+ . . .] ,
where the dots stand for terms proportional to h3 and
h4. When the coefficients cΦ,i = 0, then the SM case is
recovered.
For the minimal SO(5)/SO(4) CH model and consider-
ing up to the NLO expansion order, only one contribution
is present:
− f
2
4
Tr
(
V˜µV˜
µ
)
= −v
2
4
Tr(VµV
µ)
(
4f2
v2
sin2
ϕ
2f
)
,
(40)
where V˜ is the generalised vector chiral field in the
SO(5) representation, sibling of the vector chiral field
V of the EW chiral Lagrangian, and ϕ = h + 〈ϕ〉, with
sin2(〈ϕ〉/2f) = v2/4f2. The FC(h) function for this case
can easily be read from the previous expression:
FCHC (h) =
4f2
v2
sin2
h+ 〈ϕ〉
2f
. (41)
These results should be compared with the equivalent
contributions in the dilaton context, Eqs. (27) and (31b):
using a similar notation as for the HEFT, one can write
F
DEFT
C (χ) =
(
1 +
χ¯
f
)2
. (42)
All the three descriptions expect deviations from the
SM predictions for the Higgs couplings to longitudinal
components of the massive gauge bosons, and they differ
from each other. The DEFT is the only one presenting
up to quadratic powers of h and with the same numerical
factors as in the SM, even if it has a v/f suppressing
factor. EW precision tests as well as Tevatron and LHC
data on production cross sections favours values for
v/f . 1, indicating that the scale of the scale symmetry
breaking is close to the EWSB one. A recent analysis
on this aspect can be found in Ref. [38]. Notice that
this bound on the scale f is characteristic of the dilaton
context; in the CH framework, f is instead distinct from
v and present collider bounds suggest that f & 4v.
A second group of relevant couplings that deserves a
dedicated discussion is represented by the Yukawa inter-
actions. In general, deviations from the SM predictions
are expected in all the frameworks. Here, however, the
focus is on the bosonic Lagrangians only and no genuine
fermionic operator is considered. In consequence, the
only modification to the SM Yukawa interactions that
can arise is due to the transformation to move to the
basis of canonical kinetic terms, which in particular oc-
curs in both the SMEFT and the DEFT Lagrangians.
Then, the functions multiplying the fermionic bilinear
(v/
√
2)ψ¯LUY
(0)
ψ ψR read:
FSMEFTU,D,ℓ (h) =1 +
h
v
(
1− (4π)
2
12
(cΦ1 + 2cΦ2 + cΦ4)×
×3v
2 + 3vh+ h2
Λ2
)
FCHU,D,ℓ(h) = sin
h+ 〈ϕ〉
f
(43)
F
DEFT
U,D,ℓ (χ) =1 +
χ¯
f
.
For the minimal CH model, the FCHU,D,ℓ(h) expression
follows the result of the original formulation in Ref. [28].
As for the couplings with the longitudinal components
of the EW gauge bosons, only the DEFT setup presents
the same powers of h and numerical factors as in the
SM, except for the v/f factor. Once considering that
v . f as indicated from the dilaton couplings to the
longitudinal components of the EW gauge bosons, the
dilaton couplings to fermions tend to align to the SM
predictions. It is worth mentioning that these couplings
are typically modified by the anomalous dimensions of
the SM fermions and of the fields responsible of the
EWSB, thus allowing for small deviations from the SM
predictions (eventually, flavour changing neutral current
contributions may arise). This depends on the specific
fermion context considered in the underlying theory,
examples of which can be found in Refs. [34, 38].
The rest of the couplings and the comparison among
the different contributions from SMEFT, the minimal
SO(5)/SO(4) CH model and DEFT are summarised in
Tab. I, restricting to the only custodial preserving con-
tributions. It is worthwhile to make a comment about
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ciFi(h) SMEFT d ≤ 6 SO(5)/SO(4) diFi(χ) DEFT
cBFB(h) 2(4pi)
2 v2
Λ2
cBB
(
1 + h
v
)2
−4c˜BΣ cos
2 ϕ
2f
dBFB(χ) dB
χ¯
f
cWFW (h)
(4pi)2
2
v2
Λ2
cWW
(
1 + h
v
)2
−4c˜WΣ cos
2 ϕ
2f
dWFW (χ) dW
χ¯
f
cGFG(h) 2(4pi)
2 v2
Λ2
cGG
(
1 + h
v
)2
∗ dGFG(χ) dG
χ¯
f
cHFH(h)
1
2
cΦ −2c˜6 dχFχ(χ) dχ
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
c∆HF∆H(h) − − d∆χF∆χ(χ) d∆χ
(
1− 3χ¯
f
+ 6χ¯
2
f2
+ . . .
)
cDHFDH(h) − 4 (c˜4 + c˜5) dDχFDχ(χ) dDχ
(
1− 4χ¯
f
+ 10χ¯
2
f2
+ . . .
)
cWWWFWWW (h) c3W − dWWWFWWW (χ) dWWW
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
cGGGFGGG(h) c3G − dGGGFGGG(χ) dGGG
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
cDBFDB(h) cDB − dDBFDB(χ) dDB
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
cDWFDW (h) cDW − dDWFDW (χ) dDW
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
cDGFDG(h) cDG − dDGFDG(χ) dDG
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
c1F1(h)
(4pi)2
8
v2
Λ2
cBW
(
1 + h
v
)2
c˜1 sin
2 ϕ
2f
d1F1(χ) d1
χ¯
f
c2F2(h)
(4pi)2
8
v2
Λ2
cB
(
1 + h
v
)2
c˜2 sin
2 ϕ
2f
d2F2(χ) d2
c3F3(h)
(4pi)2
4
v2
Λ2
cW
(
1 + h
v
)2
2c˜3 sin
2 ϕ
2f
d3F3(χ) d3
c4F4(h)
4pi
2
v
Λ
cB
(
1 + h
v
)
c˜2 sin
ϕ
f
d4F4(χ) d4
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
c5F5(h) −4pi
v
Λ
cW
(
1 + h
v
)
−2c˜3 sin
ϕ
f
d5F5(χ) d5
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
c6F6(h)
(4pi)2
8
v2
Λ2
cΦ
(
1 + h
v
)2
16c˜4 sin
4 ϕ
2f
−
1
2
c˜6 sin
2 ϕ
f
d6F6(χ) d6
c7F7(h)
4pi
2
v
Λ
cΦ
(
1 + h
v
)
−2c˜6 sin
ϕ
f
d7F7(χ) d7
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
c8F8(h) −cΦ −16c˜5 sin
2 ϕ
2f
+ 4c˜6 cos
2 ϕ
2f
d8F8(χ) d8
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
c9F9(h) −
(4pi)2
4
v2
Λ2
cΦ
(
1 + h
v
)2
4c˜6 sin
2 ϕ
2f
d9F9(χ) d9
c10F10(h) −4pi
v
Λ
cΦ
(
1 + h
v
)
4c˜6 sin
ϕ
f
d10F10(χ) d10
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
c11F11(h) − 16c˜5 sin
4 ϕ
2f
d11F11(χ) d11
c20F20(h) − −16c˜4 sin
2 ϕ
2f
d20F20(χ) d20
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
TABLE I. Explicit expressions for the products ciFi(h) and diFi(χ) of the low-energy custodial preserving operators. The “−”
entries indicate the absence of contributions at the order considered to the corresponding low-energy operator. The “*” symbol
indicates that couplings to gluons in CH models are expected due to fermionic loops (see App. C).
the couplings to the transverse components of the gauge
bosons: as mentioned below Eq. (34), these interactions
are not strictly required from scale symmetry invariance;
however, they are considered here to encode possible 1-
loop level contributions that may arise, for example if the
conformal sector is charged under the SM gauge symme-
try. Consequently, the coefficients dB , dW and dG are
expected to be smaller than 1. Considering that v . f
as indicated from collider data on the dilaton couplings
to the longitudinal components of the SM gauge bosons,
the suppression of these coefficients is a welcome byprod-
uct of the DEFT construction, in order to reconcile this
effective description with LHC data.
The custodial breaking couplings will be reported in
Tab. II only for the DEFT basis. Indeed, the minimal
SO(5)/SO(4) CH model does not allow these couplings
12
diFi(χ) DEFT diFi(χ) DEFT diFi(χ) DEFT
d12F12(χ) d12 d17F17(χ) d17
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
d23F23(χ) d23
d13F13(χ) d13 d18F18(χ) d18
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
d24F24(χ) d24
d14F14(χ) d14 d19F19(χ) d19
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
d25F25(χ) d25
(
1− χ¯
f
+ χ¯
2
f2
+ . . .
)
d15F15(χ) d15 d21F21(χ) d21
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
d26F26(χ) d26
d16F16(χ) d16 d22F22(χ) d22
(
1− 2χ¯
f
+ 3χ¯
2
f2
+ . . .
)
TABLE II. Explicit expressions for the products diFi(h) of the low-energy custodial breaking operators.
to appear, and for the SMEFT basis only the operator
OΦ,1 is custodial breaking: projecting it into the HEFT
basis, one finds that the function FT (h) receives the fol-
lowing contribution,
cTFSMEFTT (h) = −
(4π)2
4
v2
Λ2
cT
(
1 +
h
v
)2
. (44)
This can be compared with the corresponding contribu-
tion in the DEFT basis:
dTF
DEFT
T (χ) = dT
(
1 +
χ¯
f
)2
. (45)
In the specific case in which the conformal sector does
preserve custodial symmetry, then all the custodial
breaking operators are expected to be further suppressed
and its dedicated analysis turns out to be less interesting.
Finally, self-couplings of the dilaton are expected in
general to be different from the SMEFT and HEFT cases.
However, without entering into details of specific realisa-
tions, both for the dilaton and the composite Higgs, any
dedicated analysis would not be conclusive. For a discus-
sion in this respect see, for example, Ref. [34].
A. Phenomenology Avenues
As previously discussed in Eqs. (42), (43) and (45) for
the lowest order Lagrangian, the Higgs-like dilaton has
couplings very similar to the ones of the SM Higgs, at
least for the shape of these couplings: the bounds on
the v/f factor present in these couplings from data on
Higgs interactions with longitudinal components of gauge
bosons and with fermions indicate that the scale of the
scale symmetry breaking f must be close to the EWSB
one v. Besides this, the numerical value of the correla-
tion between 0, 1, and 2 dilaton insertions in a specific
coupling is the same as in the SM. This represents a net
prediction of the DEFT Lagrangian with respect to the
HEFT and SMEFT cases: the ratio of the branching ra-
tios of the dilaton that decay into two gauge bosons and
into two fermions is expected to be 1. Moreover, it opens
the possibility to tell the dilaton from other possibilities
by investigating the growth with the energy of amplitudes
involving two longitudinal components of the SM gauge
boson. Indeed, in the dilaton case as in the SM, the am-
plitudes for V V → V V and V V → χ¯χ¯ among others,
with V a massive gauge boson, do not grow as E2, where
E represents the energy of the subprocess. The opposite
occurs for the equivalent processes in the SMEFT and
HEFT cases. See Refs. [34, 100] for a dedicated analysis
in this respect.
Going beyond the lowest order Lagrangian, Tabs. I and
II allow to discuss signals that could be able to disen-
tangle a Higgs-like dilaton from other possibilities. The
features that jump to the eyes are:
i) the specific linear combinations of h and ϕ in the
F(h) functions and of χ¯ in the Fi(χ) functions;
ii) the presence of a few pure-gauge couplings that do
not come along with χ¯ insertions, while these same
couplings appear with h insertions in the SMEFT
and in the CH setup: P2, P3, P6, P9, P11−16,
P23, P24 and P26;
iii) the presence of χ¯ insertions couplings, that are
instead predicted to be only pure-gauge in the
SMEFT and in the CH framework: PWWW ,
PGGG, PDB , PDW and PDG;
iv) the independence of the couplings described in each
line of the tables due to the di coefficients, while
SMEFT and the CH Lagrangian predict correla-
tions between couplings of different lines: for ex-
ample, F2(h) and F4(h), or F3(h) and F5(h), etc..
v) all the custodial breaking terms in Tab. II are not
expected either in the d = 6 SMEFT Lagrangian,
nor in the minimal SO(5)/SO(4) CH model.
Concerning point i), the specific correlations between
the 0, 1, 2, . . ., dilaton insertion in a given coupling
are distinct from those in the SMEFT and in CH mod-
els: this could indeed discriminate between the different
frameworks, once the sensitivity on Higgs couplings will
increase. Several studies on phenomenological signals of
a Higgs-like dilaton at colliders have been presented. Of
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particular interest is the process χ¯χ¯→ χ¯χ¯ for the DEFT
case to be compared with its sibling hh → hh in the
SMEFT and HEFT cases: in the DEFT and HEFT cases
the amplitude grows with energy as E4 (due to the oper-
ators PDχ and PDH , respectively), while only as E2 in
the SMEFT (due to the operatorOΦ,2). See, for example,
Refs. [33, 38] for dedicated analyses on these observables.
The absence of dilaton couplings reported in point
ii) is connected to another type of potentially interest-
ing phenomenological signals. For example, the oper-
ator P2 describes only γ − W − W and Z − W − W
pure-gauge couplings with specific Lorentz contractions,
and in particular no dilaton insertion is expected in the
DEFT Lagrangian; in the SMEFT and CH setups, these
pure-gauge couplings arise due to the P2 operator and
are predicted to be correlated to the Higgs couplings
γ −W −W − h and Z −W −W − h, respectively. In a
one-operator-at-a-time analysis, the absence of the dila-
ton insertion is a smoking gun for this scenario; on the
other side, in a multi-operatorial analysis, the discrim-
inating power of this feature is much reduced and the
impact of this operator should be analysed together with
the effects of the other Lagrangian operators.
The case described in point iii) is the opposite with
respect to what was just discussed about point ii): cou-
plings with dilaton insertions, whose corresponding cou-
plings with h are not expected in the SMEFT and CH
setup, at the expanding order considered. The discussion
and conclusions of the previous paragraph also apply to
this case, after the necessary rephrasing.
Point iv) states that several couplings that are ex-
pected to be correlated (at a given uncertainty) in the
SMEFT and CH framework, are instead decorrelated in
the DEFT case. This is the case, for example, for P2 and
P4, or P3 and P5. The kind of decorrelation of the DEFT
is the same as that of the generic HEFT Lagrangian
discussed in Refs. [14, 17]: see in particular Fig. 3 of
Ref. [17], which also applies to the DEFT Lagrangian,
after redefining the Σ and ∆ functions:
ΣB ≡ 1
πgtθ
(2d2 − d4) , ΣW ≡ 1
2πg
(2d3 + d5) ,
∆B ≡ 1
πgtθ
(2d2 + d4) , ∆W ≡ 1
2πg
(2d3 − d5) ,
(46)
where tθ is the tangent of the Weinberg angle. The two
∆’s parameters are zero in the d = 6 SMEFT Lagrangian
in consequence of gauge invariance and the doublet na-
ture of the Higgs. ∆B = 0 = ∆W also in the mini-
mal SO(5)/SO(4) CH model once v4/f4 terms are ne-
glected, due to the almost exactly doublet embedding
of the Higgs. Then, deviations from zero larger than
v4/f4 cannot be explained with d = 8 SMEFT contribu-
tions or with contributions from the SO(5)/SO(4) CH
Lagrangian, while they could be compatible with the
DEFT description. The orthogonal combinations, ΣB
and ΣW will instead represent deviations from the exact
SM case and cannot distinguish among d = 6 SMEFT,
SO(5)/SO(4) CH or DEFT contributions. Further de-
tails can be found in Ref. [17].
Finally, the custodial breaking contributions in point
v) are only present in the DEFT Lagrangian, while they
are not expected either in the d = 6 SMEFT Lagrangian,
ot in the minimal SO(5)/SO(4) CH model. They repre-
sent interesting possibilities to tell the dilaton from the
other frameworks: this is the case of the pure-gauge op-
erator P14, equal to P14, discussed in Ref. [14]; this op-
erator contributes to the anomalous triple gauge vertex
ig5Zǫ
µνρλ
(
W+µ ∂ρW
−
ν −W−ν ∂ρW+µ
)
Zσ , (47)
that originates WW and WZ pair production. The sec-
ond observable has been studied in Ref. [14] by analysing
the reaction
pp→ ℓ′±ℓ+ℓ−EmissT , (48)
where ℓ(′) = e or µ. The predicted values of the cross
sections for this process considering 7 TeV, 8 TeV, and
14 TeV center of mass energy have been computed and
the expected number of events over the background has
been illustrated in Fig. 3 of Ref. [14]. The results are
that the precision on g5Z at the LHC 7 and 8 TeV runs is
already higher than the present direct bounds stemming
from LEP, and therefore LHC already has the potential to
discriminate a Higgs-like dilaton from an (almost) exactly
EW doublet Higgs.
V. CONCLUSIONS
The CP-even complete bosonic effective Lagrangian
for a Higgs-like dilaton has been constructed consider-
ing an expansion up to the first subleading order. This
basis has been compared with the d = 6 SMEFT La-
grangian and with the effective Lagrangian for the mini-
mal SO(5)/SO(4) CH model.
Five distinct features that could distinguish among the
different Higgs descriptions have been discussed: they are
related to the presence (or absence) of specific correla-
tions among dilaton insertions, which are distinct from
the correlations among h insertions in the SMEFT and
CH setups; moreover, they are due to the larger number
of independent operators in the DEFT basis. Finally,
they follow the fact that custodial breaking contributions
are only predicted in the DEFT Lagrangian, at the con-
sidered expansion order.
Previous studies on the generic HEFT Lagrangian
also hold for the DEFT Lagrangian: correla-
tions/decorrelations between pure-gauge couplings and
dilaton-gauge bosons interactions, and anomalous triple
gauge boson couplings only predicted to be relevant in
the DEFT case. They represent promising signals to dis-
entangle a Higgs-like dilaton from an (almost) exact EW
doublet Higgs at colliders.
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Appendix A: The HEFT and DEFT Building Rules
This section describes the rules that have been adopted
for the construction of the HEFT and DEFT La-
grangians.
Focussing first on the HEFT, the division in Eq. (7)
and the specific choice of the operators entering L
(0)
h
and ∆Lh follow a specific set of rules that have been
described at length in Ref. [17]. Different counting rules
would have eventually led to a different ordering of some
operators, and therefore a deep understanding of the
HEFT is mandatory. The part that follows is a resume
of the discussion presented in Ref. [17].
The HEFT can be seen as a fusion of the traditional
linear description – based on canonical mass dimensions
– for the transverse components of the gauge bosons and
for fermions, and of the chiral perturbation approach –
based on counting derivatives – associated to the SM GBs
and the physical h. Indeed, the latter enters the La-
grangian via the adimensional functions F(h), that play
the same role as the adimensional GB matrix field U(x):
in concrete CH models, the F(h) are trigonometric func-
tions. U(x) and F(h) produce operators with different
canonical mass dimensions and contribute to physical ob-
servables, such as cross sections, at different orders in
energy/Λ [23]: U(x) and F(h) cannot be treated as hav-
ing a homogeneous mass dimension for power counting
purposes.
As the HEFT is a merging between linear and chiral
descriptions, the counting rules which would apply sin-
gularly to each of the expansions hold simultaneously for
the HEFT [23]. The consequences can be seen even at
the level of L
(0)
h in Eq. (8): it does not strictly respect
the chiral expansion as it contains both operators with
two derivatives, such as Tr(VµV
µ)FC(h), and the gauge
boson kinetic terms; on the other hand, L
(0)
h does not
follow an expansion in canonical dimensions, as an infi-
nite series of h/f is encoded into the functions Fi(h).
The renormalisability conditions that enter in the de-
termination of ∆Lh are also different. In the linear ex-
pansion, the divergences generated by an n-loop diagram
containing one single d = 6 vertex can be reabsorbed by
other d = 6 operators and, in particular, do not require
the introduction of any higher-dimensional operator. In
the chiral case, instead, 1-loop diagrams with n insertions
of a two-derivative coupling, typically listed in the LO
Lagrangian, produce divergences that force the introduc-
tion of operators with four-derivatives, which generically
constitute the NLO Lagrangian.
Last but not least, the HEFT presents several scales in
the expansion. Besides the cut-off of the theory Λ, one
can identify the presence of the SM GB scale fπ and of
the h-scale f , which are typically distinct from each other
and correspond to different physical quantities. More-
over, the HEFT is affected by the well-known fine-tuning
associated to the EW scale v: for example, the parame-
ters aC and bC in Eq. (11) are expected to be arbitrary
numbers of order 1, while phenomenologically they are
expected to be close to 1; similarly for the Yukawa cou-
plings, the HEFT allows fermion-Higgs couplings to be
independent from fermion masses, while data suggest and
an alignment among these classes of couplings.
In conclusion, the HEFT expansion depends on more
than one single parameter, and depends on the typical
energy scale associated to the observables considered in
the phenomenological analysis [17, 23]. Moreover, the
HEFT building blocks have completely different prop-
erties and therefore cannot be treated homogeneously in
full generality. For this reason, the division between L
(0)
h
and ∆Lh and the choice of the NLO Lagrangian opera-
tors have not been based on a single-parameter counting
rule, whose applicability is not valid in full generality and
that would necessarily lead to ad hoc assumptions. In-
stead, the selection performed in Ref. [17], is based on
NDA [21–23]: this power counting rule accounts for both
the mass dimensions of the single building blocks, and
the type and number of fields entering in an operator. It
reduces to the following NDA master formula, first pro-
posed in Ref. [21] and later modified in Refs. [22] and
[23]: following the notation of Ref. [23],
Λ4
16π2
[
∂
Λ
]Np [4π φ
Λ
]Nφ [4π A
Λ
]NA [4π ψ
Λ3/2
]Nψ [ g
4π
]Ng
,
(A1)
where φ represents either the SM GBs or h, ψ a generic
fermion, A a generic gauge field, and g the gauge cou-
plings. Ni counts the number of fields of each type en-
tering a given operator.
L
(0)
h contains all the operators that result unsup-
pressed according to the NDA master formula. These
are the kinetic terms for gauge bosons, SM GBs, h, and
fermions, plus the Yukawa interactions, the h scalar po-
tential and the QCD theta term (the latter has been
written suppressed by g2s/(4π)
2 following the traditional
notation, but no such suppression is required following
Eq. (A1)). Although any of such operators could appear
multiplied by a function F(h), this is not the case for
the kinetic terms of fermions and of the physical Higgs,
as their F(h) can be reabsorbed inside the generic func-
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tions FC(h) and YQ,L(h). The kinetic terms of the gauge
bosons are not written with an associated F(h) assum-
ing that the transverse components of the gauge bosons
do not couple strongly to the EWSB sector [8]: this is a
phenomenological assumption that does not follow from
the NDA counting rule, but reflects the explicit choice
of considering the HEFT Lagrangian as the low-energy
description of theories where the gauge bosons have a
distinct origin in the EWSB sector.
L
(0)
h does not contain the operator PT , in Eq. (14), al-
though it comes unsuppressed and therefore should have
been treated in the same way as Tr(VµV
µ). This is sim-
ply a stylistic choice that has been adopted in Ref. [17]:
if PT was introduced in L (0)h , its coefficient would have
been suppressed at the level of the percentfrom the con-
straints on the EW precision parameter T ; its effects then
would have been completely negligible in the rest of the
Lagrangian as any contribution in the equations of mo-
tion and in loop-induced observables would have come
weighted by powers of its coefficient. Instead, insert-
ing PT in ∆Lh simplifies the definition of the equations
of motion and the computations of loop-contributions,
without changing any aspect of the phenomenological
analysis. On the other hand, PT needs to belong to
∆Lh: it has been shown long time ago in Refs. [101, 102]
considering the EW chiral Lagrangian, which is the ef-
fective Lagrangian constructed with the SM spectrum
with the exception of the physical h, that PT arises as a
counter term necessary to absorb the 1-loop divergences
originated by the renormalisation of a lowest order La-
grangian defined as in Eq. (8) switching off fermions and
h.
L
(0)
h does not contain the other two operators that
come unsuppressed, P1 and P12. Inserting these opera-
tors into L
(0)
h would have modified the kinetic terms of
the gauge bosons, requiring a field redefinition in order
to obtain canonical kinetic terms. After this redefini-
tion, P1 and P12 disappear from L (0)h , but need to be
inserted into ∆Lh in order to absorb 1-loop divergences
originated during the renormalisation of L
(0)
h .
In summary, L
(0)
h contains all the operators that are
not suppressed by any scale according to NDA. The ex-
ceptions are well justified in order to guarantee that L
(0)
h
contains canonical kinetic terms and to simplify the equa-
tions of motion and the loop computations.
The second part of the HEFT Lagrangian ∆Lh con-
tains the couplings excluded from L
(0)
h and all the
structures necessary to absorbe the 1-loop divergences
that originated in the renormalisation of L
(0)
h (the list
of custodial preserving operators have been studied in
Refs. [20, 50, 103–106], while for the custodial break-
ing ones it is necessary to generalise from the results in
Refs. [101, 102]). The first ones are: PT , P1, and P12,
discussed previously in this appendix; PB, PW , and PG,
that describe couplings between the physical h and the
transverse components of the SM gauge bosons, which
could be originated at 1-loop even if the assumption of
the absence of any tree level coupling of this kind; Ph
that represents a modification of the h kinetic term and
that can be reabsorbed by an h redefinition. As already
mentioned, these operators are not suppressed by any
scale according to the NDA, but have been left out from
L
(0)
h , as motivated above.
The other operators in ∆Lh are suppressed either by
4π or (4π)2, or by Λ2. To see explicitly that this rule
is respected without any exception, it is however neces-
sary to reconstruct the F(h) function in all the couplings,
by substituting Λ = 4πf and collecting powers of h/f ;
this is consistent with the fact that U(x) is kept in the
compact notation instead of having been written explic-
itly in terms of the GB fields. As an example, a few
operators have been reported by rewriting the explicit
h dependence in terms of the adimensional fraction h/f
and extracting the overall suppression:
PH →
1
(4π)2
(

h
f
)2
P∆H → 1
(4π)2
(
∂µ
h
f
)(
∂µ
h
f
)(

h
f
)
PDH → 1
(4π)2
((
∂µ
h
f
)(
∂µ
h
f
))2
P4 → i
4π
BµνTr(TV
µ) ∂ν
h
f
P7 → 1
(4π)2
Tr (VµV
µ) ∂ν∂
ν h
f
P8 → 1
(4π)2
Tr (VµVν) ∂
µ h
f
∂ν
h
f
,
(A2)
and similarly for the other operators in Eq. (18). Struc-
tures with stronger suppressions than 1/(4π2) or Λ2 ac-
cording to the NDA would be listed in a higher order
part of the full Lagrangian.
The suppression of the operators in ∆Lh reflects from
one side the renormalisation of the chiral sector, accord-
ing to the chiral perturbation theory, and from the other
the possible presence of new physics contributions, which
may be due to the tree level exchange of new particles.
Once more, this makes it evident that HEFT is a mar-
riage between two approaches, the linear and the chiral
ones, and that a simplistic approach to encode the expan-
sion within a single parameter counting is not natural,
while the relevant issue is the definition of a reasonable
starting Lagrangian and the identification of the struc-
tures necessary to absorb the divergences that originated
at 1-loop.
An interesting aspect, that is manifest when fermions
are also considered (see Ref. [17]), is that not all the
operators with the same suppression are necessary for
removing 1-loop divergences: an example of this is a
set of four-fermions couplings or the dipole operators.
For this reason, it is customary to insert into the higher
order parts of the Lagrangian all the operators neces-
sary to reabsorb the divergences that originate in the
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renormalisation of the lowest parts of the Lagrangian,
together with operators with similar suppressions.
The DEFT Lagrangian is constructed following exactly
the same reasoning as that of the HEFT construction
described in detail in this appendix. The division in
Eq. (26) and the selection of operators entering ∆Lχ
automatically follow by adopting the NDA counting and
following the same rules as for the HEFT, except for the
fact that χ must guarantee the scale invariance.
Appendix B: The SMEFT Lagrangian
The SMEFT Lagrangian [5, 6] is constructed by means
of the SM particles and in particular with the Higgs
field belonging to a doublet of the SU(2)L symmetry,
Eq. (1). When restricting only on the bosonic sector and
only on operators of d ≤ 6, the list of terms defining a
non-redundant basis counts 11 elements describing Higgs
interactions: the so-called Hagiwara-Ishihara-Szalapski-
Zeppenfeld (HISZ) basis [107, 108], plus an additional 5
elements containing pure-gauge couplings [109]. Consid-
ering these restrictions, the Lagrangian can be written as
a sum of two terms,
LSMEFT = LSM +∆LSMEFT , (B1)
where LSM is the SM Lagrangian and
∆LSMEFT =
∑
i
ci
Λ2
Oi , (B2)
with ci being order one parameters and Oi defined as
follows:
OBB = (4π)2Φ†BµνBµνΦ
OWW = (4π)2Φ†WµνWµνΦ
OGG = (4π)2Φ†ΦGαµνGαµν
OBW = (4π)2Φ†BµνWµνΦ
OW = 4πi(DµΦ)†Wµν(DνΦ)
OB = 4πi(DµΦ)†Bµν(DνΦ)
OΦ,1 = (4π)2 (DµΦ)†Φ Φ† (DµΦ)
OΦ,2 = (4π)2 1
2
∂µ
(
Φ†Φ
)
∂µ
(
Φ†Φ
)
OΦ,3 = (4π)4
(
Φ†Φ
)3
OΦ,4 = (4π)2 (DµΦ)† (DµΦ)
(
Φ†Φ
)
OΦ = (DµDµΦ)† (DνDνΦ)
O3W = 4πεabcW aνµ W bρν W cµρ
O3G = 4πfαβγGανµ Gβρν Gγµρ
PDB = (∂µBµν) (∂ρBρν)
PDW = (DµWµν )a (DρW ρν)a
PDG = (DµGµν)α (DρGρν)α .
(B3)
In the previous expressions, DµΦ ≡(
∂µ +
i
2g
′Bµ + i2gσiW
i
µ
)
Φ is the covariant deriva-
tive applied to the Higgs doublet. Among these
operators, only OΦ,1 is custodial breaking, while the
rest are custodial preserving. All the operators are
written according to the Naive Dimensional Analysis
normalisation [23].
The operators OΦ,1, OΦ,2, and OΦ,4 contribute to the
Higgs kinetic term:
1
2
∂µh∂
µh
(
1 +
(4π)2
2
(v + h)2
Λ2
(cΦ1 + 2cΦ2 + cΦ4)
)
.
(B4)
It is then necessary to perform a field redefinition to move
to the basis of canonical kinetic terms (see App. B in
Ref. [17]): neglecting terms proportional to products of
two or more ci, the transformation reduces to
h→ h
(
1− (4π)
2
12
(cΦ1 + 2cΦ2 + cΦ4)
3v2 + 3vh+ h2
Λ2
)
.
(B5)
A priori, all the Higgs couplings in the full Lagrangian
would be affected by this transformation; however, ne-
glecting all the terms proportional to products of two or
more ci, only the Higgs interactions present in the SM
Lagrangian will be modified, i.e. the couplings with two
longitudinal components of the EW gauge bosons and
the Yukawa terms.
Appendix C: The minimal SO(5)/SO(4) CH
Lagrangian
The Lagrangian for the SO(5)/SO(4) minimal CH
model has been known already for some time [28, 30,
31, 39, 40], and the notation used in Refs. [39, 40] will
be adopted in what follows. Mimicking the Appelquist-
Longhitano-Feruglio convention, one can define a field
matrix Ω(x) containing all the GBs that originate from
the SO(5)/SO(4) spontaneous breaking and transform-
ing under the global groups SO(5) and SO(4) as
Ω(x)→ gΩ(x) h−1 , (C1)
where g is an element of SO(5) and h is an element of
SO(4). It is then possible to define a “squared” non-
linear field matrix Σ(x) transforming only under SO(5):
Σ(x) ≡ Ω(x)2 , Σ(x)→ gΣ(x)g−1R , (C2)
where gR is the grading of g (see Refs. [39, 40] for further
details). It is now possible to define the quantity V˜,
which is equivalent to the vector chiral field V of the
EW chiral Lagrangian:
V˜µ = (DµΣ)Σ
−1 , V˜µ → gV˜µg−1 , (C3)
where Dµ is the covariant derivative acting on Σ.
Next, one can consider the gauging of the SM group,
SU(2)L×U(1)Y ⊂ SO(5) and SU(2)L×U(1)Y 6⊂ SO(4),
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and the embedding of the SM gauge vector boson into the
SO(5) representations,
W˜µ ≡W aµ QaL and B˜µ ≡ BµQY , (C4)
where QaL and QY denote the embedding in SO(5) of the
SU(2)L × U(1)Y generators.
Finally, the CP-even EW high-energy chiral La-
grangian describing bosonic interactions, LCH , can be
written as
LCH = L
0
CH +∆LCH , (C5)
where
L
0
CH =−
1
4
Tr
(
B˜µνB˜
µν
)
− 1
4
Tr
(
W˜µνW˜
µν
)
+
− 1
4
GαµνGαµν −
f2
4
Tr
(
V˜µV˜
µ
)
+ iQ¯L /DQL+
+ iQ¯R /DQR + iL¯L /DLL + iL¯R /DLR+ (C6)
− f√
2
(
Q¯LUY
(0)
Q QR sin
ϕ
f
+ h.c.
)
+
− f√
2
(
L¯LUY
(0)
L LR sin
ϕ
f
+ h.c.
)
,
and
∆LCH = c˜BΣA˜BΣ + c˜WΣA˜WΣ +
6∑
i=1
c˜i A˜i . (C7)
The operators appearing in the previous expression are
defined by
A˜BΣ = Tr
(
ΣB˜µνΣ
−1
B˜
µν
)
A˜WΣ = Tr
(
ΣW˜µνΣ
−1
W˜
µν
)
A˜1 = Tr
(
ΣB˜µνΣ
−1
W˜
µν
)
A˜2 = i
4π
Tr
(
B˜µν
[
V˜
µ, V˜ν
])
A˜3 = i
4π
Tr
(
W˜µν
[
V˜
µ, V˜ν
])
A˜4 = 1
(4π)2
(
Tr
(
V˜µ V˜
µ
))2
A˜5 = 1
(4π)2
(
Tr
(
V˜µ V˜ν
))2
A˜6 = 1
(4π)2
Tr
(
(DµV˜µ)2
)
,
(C8)
with the EW covariant derivative applied to V˜ as
DµV˜µ = ∂µV˜µ + i g
[
W˜µ, V˜
µ
]
+ i g′
[
B˜µ, V˜
µ
]
. (C9)
The coefficients c˜i are expected to be all of the same
order of magnitude, according to the effective field the-
ory approach, except for the coefficients of the operators
in L
(0)
CH which are taken equal to 1, leading to canoni-
cal kinetic terms. The expansion is stopped at the first
order in inverse powers of the scale associated to the
SO(5)/SO(4) breaking, and therefore no 6-derivative op-
erators have been considered in ∆LCH .
Couplings to gluons are expected to appear due to
fermionic loops: however, we are not aware of any ex-
plicit computation of such contributions present in the
literature and it is beyond the scope of the present paper
to perform such a computation.
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